Introduction: Type 2 diabetes mellitus (T2DM) among people aged 60 years and above is a growing public health problem. Regular physical activity is one of the key elements in the management of T2DM. Recommendations suggest that older people with T2DM will benefit from regular physical activity for better disease control and delaying complications. Despite the known benefits, many remain sedentary. Hence, this review assessed interventions for promoting physical activity in persons aged 65 years and older withT2DM.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is one of the most common chronic non-communicable diseases (NCDs) in many countries especially in the developing countries (1) . The prevalence continues to increase with changing lifestyles and increasing obesity affecting all ages including older people. Current estimates indicate a growing burden of T2DM worldwide, which is greatest among persons aged 60 years and older (2, 3) . Therefore, an emphasis on the lifestyle interventions such as regular physical activity to offset the trends of the increasing prevalence of T2DM is imperative. Regular physical activity is one of the key elements in the management of T2DM, and evidence has shown that engaging in regular physical activity leads to better control of T2DM and delayed complications (4, 5) . Increasingly, recommendations suggest older people will benefit from regular physical activity especially in the presence of chronic NCDs such as T2DM (4, (6) (7) (8) . Despite the evident health benefits, many people with T2DM, especially older people, remain sedentary or inactive (9) (10) (11) (12) (13) .
Previous systematic reviews have been conducted to evaluate interventions promoting physical activity (14) (15) (16) (17) (18) but none have focused specifically on increasing levels of physical activity in people with T2DM. Only one review focused on T2DM but the review evaluated the effects of exercise on T2DM parameters and not on strategies to increase levels of physical activity (8) . Only one review focused on persons aged 65 years and older, which compared the effects of home based with centre based physical activity programs on participants' health (15) . This review, however, did not include persons with T2DM. Furthermore, these reviews found that most interventions promoting physical activity had short-term effectiveness with several methodological weaknesses. To the best of our knowledge, no systematic review has been conducted evaluating interventions promoting physical activity in older people with T2DM. This review provides a qualitative evaluation of interventions promoting physical activity in older people with T2DM.
METHODS
A systematic review using a qualitative synthesis method was conducted to retrieve and review the findings of previous literature on interventions promoting physical activity in older people (aged www.frontiersin.org 65 years and over) with T2DM. In this review, changes in physical activity level was selected as the outcome variable instead of changes in exercise level, as exercise is a subset of physical activity. Physical activity is defined as "body movement that is produced by the contraction of skeletal muscles and that increases energy expenditure," while exercise is "a planned, structured, and repetitive movement to improve or maintain one or more components of physical activity" (p.1511) (6) .
DATA SOURCES AND SEARCH STRATEGY
The search was conducted electronically according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines (19) using the following databases: Ovid MEDLINE, PubMed, EMBASE, SPORTDiscus, and CINAHL. The Medical Subject Heading terms used in Ovid MEDLINE were adapted from Foster et al. (18) as presented in Table 1 . Comparable searches were made for the other databases.
Only peer-reviewed published articles between years 2000 and end of December 2012 were used. No published reviews articles on physical activity were included but were used as a source of randomized controlled trials (RCTs). The reference lists of review articles and included studies were hand searched for other potentially eligible studies. Only articles published in English language were considered due to limited resources for translation. No attempts were made to contact authors for additional information, but cross-referencing on related previously published studies was performed to obtain additional information. All the titles, abstracts, and full-text of every study retrieved from the search were initially screened by one reviewer (Shariff-Ghazali Sazlina) using a standardized form with the eligibility criteria. A second reviewer (Shajahan Yasin) assessed the retrieved study if the first reviewer was in doubt on the paper's eligibility.
STUDY SELECTION
All RCTs and quasi-experimental designs comparing different strategies to increase physical activity level in older people with T2DM were considered in this review. Studies that included self-management of diabetes and combined lifestyle (diet and physical activity) were also included. Studies with those aged 65 years and older with T2DM and living in the community were considered for this review. Studies performed on people with type 1 diabetes mellitus and impaired glucose tolerance were excluded. However, studies reporting combined results for T2DM and impaired glucose tolerance were included if the analysis of these results are conducted separately. The interventions may include one or combination of: (1) one-to-one or group counseling or advice, (2) self-directed or prescribed physical activity, (3) supervised or unsupervised physical activity, (4) on-going face to face support, (5) telephone support, (6) written motivation support material, and (7) self-monitoring devices (pedometer/accelerometer).
Interventions conducted by one or combinations of providers (health care providers, exercise specialist, peer coaches/mentors, and/or community health worker) were considered. No restrictions were included on the type and contents of the control group. The interventions could be compared with no intervention control, attention control (receiving attention such as usual diabetes care matched to length of intervention) or minimal intervention control group. The primary outcome measures in the included studies were changes in physical activity level. Studies with changes in cardiovascular disease risk factors (blood pressure, anthropometric measurements) and biochemical markers (glycosylated hemoglobin, lipid profiles) related to T2DM also were included.
DATA EXTRACTION
The data and outcomes extracted from the included studies were not combined and re-analyzed due to the qualitative nature of this systematic review and the variability in the interventions used. Each full-text article retrieved was evaluated systematically and summarized according to previously suggested method (20) . These included the study's: (1) objective (on effectiveness of physical activity interventions), (2) targeted health behavior (physical activity, self-management, or combined physical activity and nutrition), (3) characteristics of the study (study design, participants' age, behavioral theoretical model, and sample size), (4) contents of the intervention (intervention strategies, intervention provider, length of intervention, and follow-up contacts), (5) targeted outcome(s), and (6) major results.
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METHODOLOGICAL QUALITY ASSESSMENT
Each of the included studies was further evaluated for its methodological quality using a list of 13 criteria adopted from an internetbased physical activity interventions systematic review (16) (see Table 2 ), which was based on the Cochrane Collaboration Back Review Group guidelines (21) . The score to indicate good methodological quality was adopted from van den Berg et al. as there is no existing guideline on the cut-offs to rate methodological quality (16). All criteria were scored as "yes," "no," or "unclear" and resulting in a summary score between 0 and 13. A good methodological quality of study is considered if two thirds or more of the criteria are fulfilled, which is a summary score of 9 or higher (16).
RESULTS
The initial search identified 696 potential articles from the database searches and another 26 were found through crossreferencing. A total of 520 studies were excluded because they did not examine physical activity, did not employ an RCT or quasi-experimental design, or did not examine T2DM or measure outcomes related to level of physical activity. A total of 36 full-text articles were selected and 21 were included in the final qualitative synthesis. Figure 1 describes the flow diagram for the study selection. We initially filtered for articles with persons aged 65 years and older, but the articles obtained from the database searches captured persons in younger age groups with some included persons aged 65 years and older. Hence, the selected studies in this review included studies that recruited both younger participants and participants aged 65 years and older. Table 3 describes the characteristics of included studies. Eighteen studies were RCTs (22-39) and three were quasi-experimental designs (40) (41) (42) . Ten studies were conducted in North America (23, 25, 27, 32, 33, 35, 37, (39) (40) (41) , nine studies conducted in Europe (22, 24, 26, 28-31, 34, 38) , and two studies in Australia (36, 42) . About half of the included studies' interventions focused on physical activity (22, 24, 26, 28-34, 36, 38, 41) while others on self-management of T2DM. All studies included participants aged ≥65 years with T2DM and only one study specifically studied people aged 65-80 years (23) .
The type of interventions used in each study varies markedly as shown in Table 3 . Most interventions were delivered either as a group (22, 24, 25, 27, 28, 30, 35, 39, 41, 42) or using one-to-one counseling/advice (23, 24, 26, 29, 31-34, 36-38, 40) . The majority of the studies' interventions were delivered by one or more healthcare providers (22-30, 35, 37, 39-42) and some included peers as the interventionists (25, 35, 39, 41) . In order to provide support and motivation, seven studies contacted the participants on ≥2 occasions in the first 4 weeks of the intervention (24-26, 29, 30, 35, 37) .
Most studies incorporated one or a combination of health behavior theories in their interventions and social cognitive theory was the most commonly adopted theory (22, 24, 25, 32, 37, (40) (41) (42) . Half of the included studies' interventions were compared with control groups receiving usual diabetes care alone (22) (23) (24) (25) (26) (27) 35) . The outcome measures and results of interventions promoting physical activity are presented in Table 2 . In most studies 1 Were the eligibility criteria specified?
2 Was the method of randomization described?
3 Was the random allocation concealed? (i.e., Was the assignment generated by an independent person not responsible for determining the eligibility of the patients?) 4 Were the groups similar at baseline regarding important prognostic indicators?
5 Were both the index and the control interventions explicitly described?
6 Was the compliance or adherence with the interventions described?
7 Was the outcome assessor blinded to the interventions?
8 Was the dropout rate described and were the characteristics of the dropouts compared with the completers of the study?
9 Was a long-term follow-up measurement performed (outcomes measured ≥6 months after randomization)?
10 Was the timing of the outcome measurements in both groups comparable?
11 Was the sample size for each group described by means of a power calculation?
12 Did the analysis include an intention-to-treat analysis?
13 Were point estimates and measures of variability presented for the primary outcome measures?
Adapted from: van den Berg et al. (16).
the primary outcome was either level of physical activity alone, or physical activity level in combination with other health outcomes. The level of physical activity were measured objectively using pedometer and/or accelerometer (22, 24, 28, 31, 33, 38, 39, 41) in combination with a questionnaire (22, 24, 31, 38) . Eleven studies assessed level of physical activity subjectively using only a questionnaire (23, 25-27, 29, 32, 35-37, 40, 42) , the content of which varied widely. The unit of measurement to represent the level of physical activity also varied.
Ten of the 12 studies which compared the physical activity intervention to a control group reported a significant increase in the level of physical activity in the intervention group (22-25, 28-30, 35, 37, 39) . Some studies also reported improvements in HbA1c level (22, 25, 29, 30) , other CVD risk factors (blood pressure, waist circumference, and lipid profiles) (22, 29) and in cardiorespiratory fitness (30) . Nine studies which did not differ in number of contacts, but only on treatment procedure between the intervention and comparison groups, showed no difference between groups on physical activity level and CVD risk factors (31, 32, 34, 36, 41) . Six of the 21 studies fulfilled nine or more criteria of methodological quality implying good quality studies (see Table 3 ) (25, 28, 29, 31, 35, 39) . Only three studies applied intention-to-treat analysis principles (25, 30, 31) . Studies with lower scores demonstrated methodological weaknesses related to randomization processes, sample size estimation, and outcomes assessment processes.
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DISCUSSION
This review identified 21 studies (18 RCTs and 3 quasiexperimental designs) that promoted physical activity in persons with T2DM, which involved older people. These studies were conducted in eight countries with none from the Asian region. The majority of the studies had participants in the middle age groups and only one study specifically recruited participants aged ≥65 years. Half of the studies focused on physical activity, while others focused on the self-management of diabetes. From this review, it is evident that significant heterogeneity in the interventions existed making comparisons difficult and any general conclusions must be made with caution.
The levels of physical activity of the participants often differed at randomization; hence, it was difficult to make valid conclusions about the effectiveness of these interventions. From this review, only three studies controlled for baseline physical activity. Other studies either controlled for variables that differed at baseline or there was no difference between groups at baseline and therefore the authors did not report controlling for baseline physical activity (27, 29, 32) . Only a third of the studies targeted sedentary or inactive participants at recruitment, but the definition of sedentary or inactivity varied greatly (26, 29-31, 33, 36, 41) . In some studies, the participants were asked to build on their present physical activity; hence, these participants may be physically active at recruitment. Participants who are already physically active are more likely to comply with physical activity interventions and maintain a healthy lifestyle than those who are sedentary or inactive (43) .
Both one-to-one and group sessions improved the level of physical activity. However, most of these studies incorporated multiple constructs from health behavior theories including strategies such as goal setting, problem solving, self-monitoring, and social support in their interventions. It is assumed that these approaches incorporate multiple constructs and strategies to facilitate behavior change and maintenance (44) . The constructs of social cognitive theory such as self-efficacy and social support were the most frequently used, with positive results in changing physical activity level (22, 24, 25, 33, 35, 37, 42) and improving glycemic control (22, 25, 33) . However, this review is not able to provide the evidence to recommend the most suitable health behavior theories for future interventions. Some studies incorporated more than one health behavior theory in their interventions making comparison between studies difficult.
Interventions promoting physical activity with follow-up contacts during the study period did increase the level of physical Frontiers in Public Health | Public Health Education and Promotion activity and improved control of glycemia and other CVD risk factors. Five studies had a long period of intervention of at least 1-year duration (23, 25, 29, 35, 39) with reported long-term effects of the interventions for the level of physical activity. The effects of follow-up contacts with the intervention provider and long intervention duration could influence the observed positive outcomes in these studies. The majority of the studies measured the level of physical activity as the primary outcome and most studies used a single physical activity outcome measure, predominantly validated self-reported scales or an activity log (23, 25-27, 29, 30, 32, 35, 36, 40, 42) . Most of these studies did not use objective measures to assess the change in the level of physical activity but use self-report measures to obtain energy expenditure, total scale scores, oxygen uptake or the relative change in duration, frequency, and/or intensity of physical activity. Some studies did use objective measures such as motion sensor devices (accelerometer and/or pedometer) (22, 24, 28, 31, 33, 38, 41) . However, self-reported physical activity scales do lack validity in measuring physical activity and were found to be inferior to the motion sensor devices (45, 46) . This would lead to less precise measurement and misclassification of the level of physical activity. Hence, an objective measure of physical activity is necessary to establish the effect of intervention in a trial, as it allows a uniform measurement of the physical activity level.
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In this current review, healthcare providers delivered the majority of the studies' interventions and they may be more motivated to deliver the interventions than they might in a non-trial setting. In addition, the participants in most of these studies had to undergo extensive screening prior to randomization, and hence, participants who finally participated in these studies were more likely to be highly motivated (16). The evidence of effectiveness is also limited by the control or comparison groups, which varied widely. In some studies participants in the control group received only usual diabetes care or more general information about lifestyle changes while others received additional counseling about physical activity and some had multiple counseling sessions on diabetes self-care management. A number of studies included feedback from pedometer use, goal setting, and social support in the control/comparison groups as received by the intervention group as these studies were assessing a specific component of their intervention such as who delivers the interventions.
The methodological quality of the included studies in this review varies. Only six studies (all RCTs) were rated as good quality. The quality of the included studies in this review was limited by a lack of intention-to-treat analysis as only three studies perform such analysis. The studies with low scores have weaknesses in terms of inadequate description of the randomization methods; no information on random assignment performed by an independent person, insufficient description of sample size estimation and lack of information on whether an independent assessor assesses the main outcome measures. Inadequate methodological approaches in trials are associated with bias (47) .
This review included multiple major databases with vigorous and systematic search strategy. However, there are limitations from this review. Only peer-reviewed papers published in recent years (i.e., from year 2000) and published in English are included in the data extraction, hence a possibility of selection bias exists. In addition, even though the searches are done thoroughly through multiple major databases with cross-referencing; there is a possibility that some papers are not included due to the inclusion criteria used for this current review. In this review, only one reviewer assessed the studies for eligibility, which could contribute to an increased risk of evaluation bias.
CONCLUSION
The number of well-designed trials on interventions promoting physical activity in older people with T2DM is limited as evident in this present review. The methodological quality, type of interventions promoting physical activity and outcome measure for level of physical activity in the included studies included in this review differed widely. Studies with interventions promoting physical activity that compared with usual diabetes care do have significant findings in changing the level of physical activity in persons with T2DM. Moreover, on-going follow-up support seems to contribute in increasing level of physical activity. However, these studies are restricted to middle-aged persons with T2DM in western countries. In addition, very few studies had follow-up assessment post intervention to allow evaluation on sustainability of interventions promoting physical activity. Peer support for adults with T2DM may have potential in promoting physical activity but the evidence is scarce. Furthermore, standardization on the measure for physical activity with the use of objective tool such as the pedometer or the accelerometer is needed to allow a uniform classification of level of physical activity. Therefore, further exploration in these areas is warranted when developing interventions to promote physical activity in older people with T2DM.
